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Abstract. Free radicals play significant roles in the physiological processes happening in the 
ovary such as steroidogenesis, folliculogenesis, corpus luteum progesterone release and degeneration, 
and follicle rupture during ovulation. As defence, living systems employ antioxidants that they either 
produce or take up from the environment. Among these α-topherol has been shown to improve swine 
oocyte maturation and the development of bovine and swine embryos. The goal of this study was to 
establish the influence of several α-tocopherol concentrations on swine oocyte maturation, viability, 
the function of cumulus cells and in vitro embryo development in order to improve culture media. Pig 
oocytes were cultured for 45 hours at 38°C in 5% CO2 atmosphere; in M199 containing several α-
tocopherol (5, 10, 20, 40 and 80 µM) concentrations and cumulus expansion was assessed. Then they 
were fertilized in TALP medium using spermatozoa capacitated by centrifugation and incubated for 
16-18 hours Afterwards the presumed zygotes were cultured in NCSU-23 droplets supplemented with 
α-tocopherol (5, 10, 20, 40 and 80 µM) and covered with mineral oil for 92 hours at 38°C in 5% CO2 
atmosphere. At the end of this period the number of embryos that had developed to the 2 cells, 4-8 
cells and morula stages was counted and compared to the control, and the differences analyzed using 
ANOVA and interpreted using the Student test. The addition of 20 µM α-tocopherol to the maturation 
medium lead to a significant (p<0.05) increase in the number of matured oocytes. Culturing swine 
embryos in media supplemented with 5 µM, 10 µM and 40 µM α-tocopherol also had a beneficial 
effect in their development to the morula stage resulting in higher number of viable swine embryos. 
 




The ambivalent relationship between living organisms and oxygen is a consequence of 
the fact that on one side it fuels aerobic life and on the other it is one of the main sources for 
the production of free radials. These are, as defined by Halliwell and Gutteridge (2007) “...any 
species capable of independent existence that contains one or more unpaired electrons”. Their 
formation is guided by various enzymes such as cytochrome P450 mono-oxygenases 
(CYP450), NADPH-oxidase, xanthine-oxidase but can also result in the mitochondria, 
through the leakage of approximately 1%-2% of the electrons from the electron transfer chain. 
In addition they result through the influence of exogenous agents such as radiation, heavy 
metals and pesticides. 
In the cell, free radicals function as signal molecules by activating transcription factors 
and enzymatic reactions (Droge, 2002). In addition they play a significant role in 
steroidogenesis, follicle formation and progesterone release by the corpus luteum and together 
with antioxidant enzymes bring about follicle wall rupture, ovulation and luteal regression 
(Agarwal et al., 2006). They are also involved in regulating embryo development and 
implantation (Guerin et al., 2001). 
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Although cells have various antioxidant systems that should scavenge endogenous free 
radicals, their endogenous overproduction and the exogenous sources lead to an imbalance in 
redox metabolism and therefore to oxidative stress. It causes chain reactions that result in 
mitochondrial depolarization, cytochrome c release, lipid peroxidation, transcription factor 
activation and DNA damage leading to apoptotic and non-apoptotic cell death. 
Very high levels of lipids have been reported in the oocytes of the domestic pig -161 
µg (McEvoy et al., 2000). Triacylglycerol was the major lipid component followed by 
cholesterol and phosphatidylcholine. Analysis of fatty acids esterified to the individual 
phospholipids and neutral lipids has shown that there are high levels of palmitic acid (16:0) 
and the monounsaturated fatty acid oleic acid (18:1). Triacylglycerol, free fatty acids and 
most of the phospholipids, particularly phosphatidylethanolamine, are considerably enriched 
in n-6 polyunsaturated fatty acids, specifically linoleic (18:2), arachidonic (20:4) and adrenic 
(22:4) acids (Homa et al. 1986).  
According to Halliwell and Gutteridge (2007) antioxidants are “any substance that 
delays, prevents or removes oxidative damage to a target”. The definition applies to enzymes 
as well as non enzymatic antioxidants. To defend themselves, living systems employ 
antioxidants that they either produce or take up from the environment. Among the latter are 
Cu, Se, Mg, Zn, ascorbic acid and α-tocopherol more broadly known as vitamins C and E 
(Socaciu, 2002).  
Tocopherols (vitamin E), the most important lipid soluble antioxidant in the cell can 
be found in significant amounts in the ovary and the follicular fluid (Attaran et al., 2000). It 
protects polyunsaturated fatty acids in membranes against free radicals (Tao et al., 2004) and 
improves the development of bovine embryos (Olson and Seidel, 2000).  
Few systematic studies have investigated the function of a-tocopherol acid in oocyte in 
vitro maturation, especially in the pig. However, highly qualified oocytes of pig are needed 
for transgenic production, medical applications and even for xenotransplantation (Tao et al., 
2004). Considering this, the protection of fatty acid and lipid components of oocytes and 
embryos that render them susceptible to free radical or other oxidative injury may prevent the 
damage currently associated with culture. The objective of this research was to establish 
whether supplementation with a-tocopherol could improve viability and maturation of porcine 
oocytes, the function of cumulus cells and in vitro embryo development.  
 
MATERIALS AND METHODS 
 
The protocols described by Grupen et al. (1995) and Tao et al. (2004) were used for 
oocyte collection and maturation.  
Collection, maturation, fertilization and embryo culture media 
The medium used for harvest was M 199 supplemented with L-glutamine (3.4 g/l), 
NaHCO3 (2.2 g/l), Hepes (25 mM), penicillin (100 µg /ml) and streptomycin (100 IU/ml) and 
with the pH adjusted to 7.  
For oocyte maturation M 199 was supplemented with L-glutamine (3.4 g/l), Chorulon 
(10 IU/ml), Folligon (10 IU/ml), foetal calf serum 10%, penicillin (100 µg /ml) and 
streptomycin (100 IU/ml). α-tocopherol dissolved in 95% ethanol solution was added to the 
maturation medium in order to arrive at concentrations of 5, 10, 20, 40 and 80 µM of active 
substance. The fertilization medium was TALP, which is based on Tyrode’s saline solution 
supplemented with bovine serum albumin (0.004 g/l), glucose (1.00 g/l), sodium lactate (10 
µl/ml), sodium pyruvate (0.288 µg/ml) and antibiotics (100 µg /ml penicillin and 100 IU/ml 
streptomycin). The embryo culture medium was NCSU-23 to which sodium lactate (4.5 mM), 
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sodium pyruvate (0.33 mM), β-mercaptoethanol (25 µM), cysteine (0.1 mg/ml), bovine serum 
albumin (4 mg/ml) and antibiotics (75 µg/ml penicillin, 50 µg/ml streptomycin, and 50 µg/ml 
gentamicin) were added.  The culture medium for the five treatments was supplemented with 
α-tocopherol in order to make up concentrations of 5, 10, 20, 40 and 80 µM. 
Oocyte collection and maturation 
Porcine ovaries were collected from pre-pubertal gilts and transported to the 
laboratory in a thermal container containing sterile saline solution (NaCl 0.9%) at 37°C 
supplemented with penicillin (100 µg /ml) and streptomycin (100 IU/ml). The contents of 
follicles of 2–6 mm in diameter on the ovarian surface were aspired with a 10 ml syringe 
equipped with an 21-gauge needle and collected a Petri dishes containing harvest medium. 
Oocytes with a uniform ooplasm and compact cumulus cell mass were washed 2 times with 
harvest medium and then placed in 30 µl droplets of maturation medium containing the 
various α-tocopherol concentrations. All the droplets were covered in paraffin oil and 
incubated for 45 hours at 37°C in an atmosphere with 5% CO2. Then they were evaluated 
using an Olympus inverted phase contrast microscope, in order to assess cumulus oophorus 
expansion and/or the presence of the first polar body. Cumulus expansion was assessed by a 
subjective scoring method (Downs, 1989). Briefly, no response was scored as 0, minimum 
observable response as 1, expansion of outer cumulus-enclosed oocyte layers as 2, expansion 
of all cumulus-enclosed oocyte layers except the corona radiata as 3, and expansion of all 
cumulus-enclosed oocyte layers as 4. According to previous research in the field the oocytes 
that were scored as 3 and 4 were considered to be mature (Tao et al, 2004).  Each group was 
compared to the control in order to establish whether any differences existed between the 
degrees of cumulus expansion and if they were significant. The differences between 
treatments were analyzed by ANOVA and interpreted using the Student test. For all 
comparisons, the values were considered statistically significant when p < 0.05. 
In vitro fertilization and embryo culture 
Spermatozoa were capacitated in Tyrode by centrifugation at 800 g for 10 minutes, 3 
times and a haemocytometer was employed to establish concentration. After cumulus 
expansion assessment the oocytes were transferred to TALP and mechanically denuded using 
a micropipette. Afterwards they were placed in 30 µl droplets and the sperm cells were added. 
The concentration for fertilization was 1 x 106 spermatozoa/ml and it was computed according 
to the following formula: volume (µl) = 30 x 1 x 106 /the concentration of capacitated 
spermatozoa. After the sperm cells were added the droplets were covered with paraffin oil to 
prevent media evaporation and incubated at 38°C and 5 % CO2 in air. After 16-18 hours the 
spermatozoa were removed mechanically using a micropipette and the presumed zygotes were 
cultured in NCSU-23 droplets supplemented with α-tocopherol (5, 10, 20, 40 and 80 µM) and 
covered with mineral oil for 92 hours in the same conditions as described before. At the end 
of this period the number of embryos that had developed to the 2 cells, 4-8 cells and morula 
stages was counted and compared to the control, and the differences analyzed using ANOVA 
and interpreted using the Student test. 
 
RESULTS AND DISCUSSIONS 
 
Oocyte maturation is usually referred to as the set of processes occurring from the 
germinal vesicle stage to completion of the second meiotic division with the formation of the 
first polar body. It consists of two aspects, i.e. nuclear and cytoplasmic maturation.  
Nuclear maturation refers to the resumption of meiosis and progression to the 
metaphase II (MII) stage, whereas cytoplasmic maturation encompasses other, poorly 
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understood, maturational events related to the cytoplasmic capacitation of the oocyte. It 
comprises the migration of cortical granules to the vicinity of the membrane, a multiplication 
of mitochondria and ribosome number, both proportional with the increase in protein 
synthesis and cell metabolic activity in general.  
These processes are believed to progress in parallel to one another, and 
synchronization of nuclear and cytoplasmic maturation is essential for establishing optimal 
oocyte developmental potential. Hormonal supplements, such as FSH, eCG or hCG, are added 
to the in vitro maturation medium in order to mimic the in vivo situation and stimulate nuclear 
maturation. However, whereas nuclear maturation can be evaluated by nuclear staining 
methods that reveal the first polar body, cytoplasmic maturation can only be determined by 
indirect means such as cumulus oophorus expansion and measuring the content of reduced 
glutathione.  
Cytoplasmic maturation of pig oocytes can be improved by reducing oxidative stress 
caused by reactive oxygen species (Mendoza et al, 2002). Improved cytoplasmic and nuclear 
maturation leads to an increase in the number of oocytes that are able to undergo fertilization 
and hence to more embryos that can be used for embryo transfer. 
  
   
 
                                   
 
 
The goal of this study was to establish the influence of several α-tocopherol 
concentrations (5, 10, 20, 40 and 80 µM) on swine oocyte maturation and embryo culture. 
Out of the 5 concentrations, only culture media containing 20 mM α-tocopherol lead 
to significant differences in oocyte cumulus expansion when compared to the control. 23.23% 
of the oocytes in the droplets containing 20 µM α-tocopherol reached a level of cumulus 
expansion scored as 3 while only 13.24% did so in the control group (Tab. 1). 
Even for the other α-tocopherol concentrations (5, 10, 40 and 80 µM) the percentage 
of oocytes to have been scored as 3 was greater than in the control group. However these 
differences were not statistically significant. The cumulus oophorus was expanded (figure 1) 
and in certain cases the first polar body was visible (figure 2), indicating that the oocytes had 
reached nuclear maturation. 
Because cumulus cells act as a ‘go-between’ between the oocyte and the follicular or 
culture environment, their expansion is considered to be reliable sign of this elusive process 
having taken place. 
 
Fig. 2. Oocyte with the first polar body as a sign  
of nucleus  maturation (magnification 200x) 
Fig. 1. Several stages of cumulus expanssion around 




The differences for vitamin E concentrations and their significance 
             
ns - not significant (p>0,05); * - significant (p<0,05) 
  
Intercellular communication between the oocyte and the cumulus cells takes place via 
gap junctions establishing a route by which direct transfer of substances important for oocyte 
growth and maintenance of meiotic arrest can take place. During in vitro maturation, α-
tocopherol content naturally present in the membranes of cumulus-oocyte complexes 
diminished by 50%, indicating the partial loss of antioxidant activity during the period of in 
vitro culture (Dalvit et al., 2005). According to Tao et al. (2004) α-tocopherol prevents the 
DNA fragmentation of cumulus cells from cumulus enclosed oocytes. Therefore, even if α-
tocopherol had no direct influence on oocytes enveloped in cumulus cells but on the cumulus 
itself, its activity is still noteworthy. On the other hand the lipid soluble α-tocopherol could be 




Stage of cumulus 
expansion 
The percentage of oocytes to have 




C 302   - 
  0 12.91% ns 
  1 22.18% ns 
  2 17.55% ns 
  3 13.24% ns 
  4 34.11% ns 
E 5 318    
  0 16.35% ns 
  1 22.02% ns 
  2 18.55% ns 
  3 15.41% ns 
  4 27.67% ns 
E 10 334    
  0 9.28% ns 
  1 20.06% ns 
  2 11.97% ns 
  3 18.56% ns 
  4 40.12% ns 
E 20 297   ns 
  0 7.07% ns 
  1 17.17% ns 
  2 17.17% ns 
  3 23.23% * 
  4 35.35% ns 
E 40 302    
  0 17.88% ns 
  1 21.19% ns 
  2 16.55% ns 
  3 15.56% ns 
  4 28.81% ns 
E 80 268    
  0 25.37% ns 
  1 14.57% ns 
  2 10.07% ns 
  3 14.92% ns 
  4 33.21% ns 
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results by Tao et al. (2004) who also discovered that α-tocopherol facilitates the meiotic 
maturation of denuded oocytes. 
The number of oocytes cultured in 5 and 10 µM α-tocopherol that were scored as 4 
was greater than the number that had reached that particular stage from the control group, but 
the numbers were not significant. It is also worth noting that the number of oocytes scored as 
0, 1 and 2 were not significant when compared with the control, for any of the concentrations. 
Therefore, α-tocopherol addition did not interfere with cumulus expansion and oocyte 
maturation. 
Oocytes were then incubated with spermatozoa in order for fertilization to occur and 
the embryos were cultured in NCSU-23 supplemented with the same α-tocopherol 
concentrations for 92 hours. The numbers of embryos that had resulted for each treatment was 
counted, all the stages such as 2 cells (figure 3), 4 cells (figure 3) and morula (figure 4) being 
taken into account. 
 
                          




The number was compared with the control and the differences analyzed using 
ANOVA and interpreted using the Student test. The results can be seen in table 2. 
Tab. 2 
 
The percentage of embryos that developed during culture with ascorbic acid and the significance of differences 
 
Treatment Number of 
fertilized oocytes 
Percentage of 
embryos in the 2 
cell stage 
Percentage of 
embryos in the 
4-8 cell stage 
Percentage of 




C 149 10.73% 18.12% 20.13% - 
E5 167 16.17% 15.57% 22.75% ns 
E10 141 21.28% 20.57% 24.82% ns 
E20 174 10.34% 11.49% 13.79% ns 
E40 171 10.53% 20.47% 27.48% ns 
E80 165 9.09% 16.97% 20% ns 
ns - not significant (p>0,05) 
 
The percentage of embryos that developed to the 2 cell stage in medium supplemented 
with α-tocopherol was higher than the control (10.73%) for the 5 µM (15.57%) and 10 µM 
(20.57%) concentrations. For the other 3 treatments the values were lower than the control. 
This suggests that fewer embryos were arrested at this stage and therefore, have the possibility 
to progress to the next two stages: 4-8 cells and morula.  
Fig. 4. Embryos at the morula stage  
(200x magnification) 





The 4-8 cell phase was reached by a larger number of embryos when these were 
cultured in 10 µM and 40 µM α-tocopherol. However the values were lower than the control 
for the other concentrations, namely 5 µM, 20 µM and 80 µM.  
Swine embryos developed to the morula stage in greater number in medium 
containing 5 µM (22.75%), 10 µM (24.82%) and 40 µM (27.48%) than they did in the control 
group (20.13%). The value was lower for 20 µM (13.79%) and 80 µM (20%). None of the 
values were statistically significant. However, their comparison indicates a beneficial effect of 
α-tocopherol on swine embryo culture, which increases with concentration. Percentages of 
embryos to have reached both the 4-8 cell and morula stages were lower than the control for 
E20 and E80. This fact could be due to there being optimal concentrations beyond which the 
favourable influence of α-tocopherol, through its antioxidant activity is reversed and its 
radicals act as molecules with oxidant properties. The balance between antioxidants and free 
radicals in cells could also be disturbed and therefore the cells would not function properly. 
This is in accordance with the results of Hossein et al. (2006) who have suggested that 
in the absence of an antioxidant irreversible damage to the cell organelles might occur and 
recommended the addition of α-tocopherol to embryo culture media from the first 48 hours of 





The addition of 20 µM α-tocopherol to the maturation medium had a beneficial effect 
on cumulus oophorus expansion and resulted in an increase in the number of oocytes that 
were scored at 3, therefore being considered mature. Culturing swine embryos in media 
supplemented with 5 µM, 10 µM and 40 µM α-tocopherol also had a beneficial effect in their 
development to the morula stage. In conclusion 20 µM α-tocopherol can be added to improve 
oocyte maturation media and 5 µM, 10 µM and 40 µM to obtain a higher number of viable 
swine embryos that will progress to the morula stage. 
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